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Abstract

Interleukin-10 (IL10) may contribute to the development of non-Hodgkin’s B cell lymphoma, especially in the context of acquired
immunodeficiency syndrome (AIDS), where lymphoma incidence is greatly increased. Utilizing specimens from the Multicenter AIDS
Cohort Study (MACS) obtained prior to diagnosis of AIDS-associated lymphoma, detectable serum human IL10 was seen much more
frequently in lymphoma cases (n � 61, 26%) compared to CD4-matched AIDS controls (5%,P � 0.004), or to HIV-infected (2%,P �
0.002) or HIV uninfected subjects (0%,P � 0.0003). In longitudinal studies, detectable IL10 occurred at times closest to but preceding
lymphoma diagnosis (P � 0.01). In an independent genetic analysis of single-nucleotide polymorphisms within the promoter region of the
IL10 gene in 1157 MACS subjects, a high IL10-expressing genotype (�592 C/C) was overrepresented among lymphoma subjects (P �
0.009), even when controlling for race (P � 0.006). These results suggest that elevated serum IL10 or the IL10 promoter�592 C/C
genotype are associated with development of AIDS lymphoma.
© 2003 Elsevier Inc. All rights reserved.

Keywords: Interleukin-10; B cell; Lymphoma; AIDS; Serum; Predictor; Single-nucleotide polymorphism; Genotype; Haplotype; Cytokine

Introduction

Little is known about immunologic changes and/or ge-
netic markers that may be risk factors for the development

of non-Hodgkin’s B cell lymphoma, other than that the risk
for developing these cancers is quite elevated in populations
that have clinically apparent immune deficiencies [1]. In
persons who are immunodeficient as a result of infection
with human immunodeficiency virus (HIV), the risk of
developing non-Hodgkin’s lymphoma is 70 times greater
than in the U.S. population overall [2]. Marked increases in
B cell activation are commonly seen in persons with HIV
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infection or acquired immunodeficiency syndrome (AIDS),
and are thought to contribute to the development of AIDS-
associated B cell lymphoma (AIDS-lymphoma) [3–10]. In
prior studies of serum samples obtained preceding a diag-
nosis of AIDS-lymphoma, we have observed significant
increases in serum levels of immunological markers asso-
ciated with B cell hyperactivation (soluble CD23, IgE, IL6,
soluble CD27) in those subjects who went on to develop
AIDS-lymphoma [11–15]. These and other B cell stimula-
tory factors could contribute to, or support the growth of,
emerging malignant AIDS-lymphoma cells, by serving as
autocrine/paracrine growth or viability factors. IL10 is such
a B cell stimulatory cytokine (as reviewed in [16]), which is
produced by AIDS-lymphoma tumor cells and/or surround-
ing cells in vivo, can act as an autocrine growth factor for
AIDS-lymphoma cell lines in vitro, and is detectable in the
serum of a significant proportion of patients after clinical
recognition of AIDS-lymphoma [17–21]. However, no pub-
lished information is available on whether increased serum
IL10 levels precede AIDS-lymphoma, or if genetic poly-
morphisms demonstrated to increase IL10 gene expression
are associated with the development of AIDS-lymphoma.

Defining in vivo levels of human IL10 in the circulation
prior to the development of AIDS-lymphoma is one means
of evaluating the role of this B cell stimulatory factor in
lymphomagenesis. Early and/or sustained increases in se-
rum levels of IL10 prior to clinical diagnosis may be con-
tributing to the initial malignant transformation of B cells,
while increased levels immediately preceding diagnosis
may be the result of IL10 production by a nascent lym-
phoma. Independent of the levels of IL10 in the circulation
at any given time, an individual’s underlying genetic com-
position might also contribute to B cell lymphomagenesis
by favoring continuously higher IL10 gene expression in the
local environment of a potentially malignant B cell. It is
known that within the upstream promoter region of the IL10
gene, there are three linked single-nucleotide polymor-
phisms (SNPs) at the �1082 (G/A), �819 (C/T), and �592
(C/A) positions [16], for which certain individual genotypes
or combined haplotypes are associated with higher or lower
promoter activity and IL10 production by peripheral blood
cells following stimulation in vitro [22–24]. A high IL10-
expressing promoter genotype (�592 C/C) has been previ-
ously evaluated in the context of HIV disease, and was
shown to be associated with slower progression to AIDS
[25]. However, this and other SNPs in the IL10 promoter
region have not been examined in the context of AIDS-
lymphoma.

We report here, for the first time, both immunologic and
genetic evidence of increased IL10 prior to the clinical
recognition of AIDS-associated B cell lymphoma. Utilizing
archival sera obtained prior to lymphoma diagnosis, we
show that detectable serum levels of IL10 are seen more
frequently in men who go on to develop B cell lymphoma,
compared to those who developed AIDS but not lymphoma,
or to relatively healthy HIV-infected, or uninfected men.

We also show, utilizing genotyping data from more than
1000 subjects, that non-Hodgkin’s B cell lymphoma is more
likely to occur in individuals with a high IL10-expressing
promoter genotype.

Materials and methods

Study population

All study subjects are participants in the Multicenter
AIDS Cohort Study (MACS). The MACS participants are
homosexual men who have been followed at 6-month in-
tervals in Los Angeles, Pittsburgh, Chicago, and Baltimore
since the mid-1980s to examine the natural and treated
histories of HIV infection and AIDS [26,27]. At each con-
secutively numbered visit, detailed histories and blood sam-
ples were obtained. Race/ethnicity data was collected by
MACS participants’ self-identification according to the in-
dicated categories. National and local repositories of serum
have been maintained. T cell enumeration on fresh speci-
mens was determined by standardized flow cytometry at
each visit. Clinical information from each visit, including
AIDS-defining conditions and malignancies, were obtained
from the participants and by review of external registries,
and confirmed by medical record review. The protocols and
questionnaires utilized in the MACS (available at www.
statepi.jhsph.edu/macs/macs.html) have been approved by
the Institutional Review Boards of the respective institu-
tions.

For cross-sectional studies of serum IL10, frozen ar-
chived serum samples were obtained from HIV-infected
MACS subjects who developed non-Hodgkin’s B cell lym-
phoma, at the visit closest to but preceding lymphoma
diagnosis (index visit), up to 36 months prior to lymphoma
diagnosis. Serum samples meeting these criteria were avail-
able for 110 MACS lymphoma subjects. The index visit
preceded the lymphoma diagnosis by 1–31 months (mean �
8 months), with 81% of subjects having an index visit that
was not more than 12 months prior to lymphoma diagnosis.

Sera from three groups of nonlymphoma subjects were
evaluated for serum IL10 in parallel with the lymphoma
index visit sera. These consisted of samples from men with
an AIDS diagnosis (according to the 1993 definition of the
Centers for Disease Control and Prevention, excluding
cases defined by CD4 T cell count alone) but no reported
malignancy (AIDS, n � 80), HIV antibody-positive men
who were relatively healthy (HIV�, absolute CD4 T cell
counts �500 cell/mm3, n � 46), and from HIV-negative
men (HIV-, n � 45). These sera were selected from the
same MACS visit number as the lymphoma index visit sera,
to ensure consistent age and handling of frozen samples. A
subset of lymphoma cases and AIDS controls (n � 61) were
matched by visit number and absolute CD4 T cell numbers
(�100 cells/mm3); mean CD4 T cell counts for the matched
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cases and controls were 133 and 137 cells/mm3, respec-
tively.

For longitudinal serum IL10 studies, archival serum sam-
ples were obtained for lymphoma subjects at the UCLA
study site who had at least one additional sample available
in the MACS repository at UCLA during the 2 years pre-
ceding the index visit. Lymphoma subjects were excluded if
the index visit preceded the lymphoma diagnosis by more
than 1 year. When available, additional samples were ob-
tained at 2-year intervals preceding lymphoma diagnosis.
Nineteen lymphoma subjects met these criteria, 11 subjects
with detectable and eight subjects with undetectable serum
IL10 on the index visit. The total number of visits per
subject ranged from 2 to 8, with a time range of 1–104
months prior to lymphoma diagnosis. The two groups of
lymphoma subjects (detectable vs undetectable IL10 on
index visit) were not significantly different in mean time of
index visit prior to lymphoma diagnosis (4 and 7 months,
respectively), mean visit number tested (four visits), or
mean time of earliest visit tested (48 and 47 months, re-
spectively).

For genetic studies, all MACS subjects for whom IL10
promoter polymorphism data were available were included.
This included a total of 1157 MACS subjects, 139 of whom
were HIV-infected subjects with a non-Hodgkin’s lym-
phoma diagnosis at any time during their participation in the
MACS.

Serum IL10

Concentrations of human IL10 in sera were determined
using a human IL10-specific enzyme-linked immunosorbent
assay (ELISA) from Biosource International (Camarillo,
CA), which has a lower limit of detection of 8 pg/ml.
Although there are other commercially available ELISAs
that claim greater sensitivity for the detection of IL10 in
serum, they are either known to detect both human IL10 and
Epstein-Barr Virus (EBV)-encoded viral IL10 (vIL10), or
have not been evaluated for cross-reactivity with vIL10.
EBV encodes a homologue of human IL10 that displays a
high level of amino acid sequence homology to its human
counterpart [16]. This high level of sequence homology
results in the cross-detection of EBV vIL10 by most
ELISAs that were developed to detect human IL10. There-
fore, most commercially available IL10 ELISAs would pro-
vide results that would be ambiguous with regard to the
relative contributions of human versus viral cytokine pro-
duction. The Biosource human IL10 ELISA used in these
studies has been documented by the manufacturer to be
specific solely for human IL10, showing less than 0.2%
cross-reactivity with the EBV vIL10. Assays were per-
formed according to the manufacturer’s instructions, with
the exception of extending the initial sample incubation
time to 3 h. Calculated concentrations of serum human IL10
were obtained using the KC Junior ELISA analysis software
(BioTek, Inc., Winooski, VT).

IL10 genotype/haplotype analysis

Genotypes for SNPs at the �1082 and �592 nucleotide
positions in the IL10 promoter region were available on
1089 MACS subjects, having been previously determined
by Shin et al. using a polymerase chain reaction-restriction
fragment length polymorphism assay [25] and augmented
with additional genotyping using length-modified single-
base extension [28]. An additional 68 MACS subjects had
�592 SNP data only, for a total of 1157 subjects with �592
genotypes. A third IL10 promoter SNP is located at position
�819, and has been shown to be in complete linkage dis-
equilibrium with the �592 SNP (�819C/�592C; �819T/
�592A) [22–25]. This was confirmed by genotyping at the
�819 position in a subset of the MACS subjects included in
this study (n � 102). IL10 promoter haplotypes, comprised
of the combined SNPs at the �1082, �819, and �592
positions of the IL10 gene, were assigned based on �1082
and �592 data, plus �819 genotypes that were available
from genotyping or inferred from the complete linkage
disequilibrium observed between the �592 and �819 po-
sitions.

Statistical analyses

Comparisons of cross-sectional serum IL10 data from
index visits of all lymphoma cases and AIDS, HIV�, or
HIV� subjects were performed using a two-sided Fisher’s
exact test (detectable vs undetectable) or a bootstrap test for
the difference of means (continuous levels of IL10). Serum
IL10 data from lymphoma subjects and CD4-matched AIDS
controls (n � 61) were compared using an exact McNe-
mar’s test for discordant pairs. Longitudinal serum IL10
data were analyzed by repeated measures logistic regression
analysis. Comparisons of overall differences in the distri-
bution of individual IL10 genotypes or IL10 promoter hap-
lotypes in association with lymphoma status were made
using exact chi-square analyses. Analyses of associations
between pairs of factors (e.g., genotype or haplotype and
lymphoma status) while controlling for others (e.g., race)
utilized Cochran/Mantel-Haenszel chi-square statistics.

Results

Detectable serum human IL10 levels are seen more
frequently preceding AIDS-lymphoma

Serum samples from the index visit (closest available
visit preceding lymphoma diagnosis, not more than 36
months prior to lymphoma) were available from 110 MACS
lymphoma subjects, as well as sera from 80 AIDS, 46
HIV�, and 45 HIV� subjects. Twenty-three of 110 men
(21%) who developed AIDS-lymphoma showed detectable
serum levels of IL10, a significantly higher frequency in
comparison to the 4% detectable rate among AIDS subjects
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(P � 0.0003), 2% in HIV� subjects (P � 0.002), or 0% in
HIV� subjects (P � 0.0003). When lymphoma subjects
were stratified by detectable vs nondetectable serum IL10,
there was no significant difference between the two groups
in the mean number of months between the index visit and
the lymphoma diagnosis in the subjects (6 and 8 months,
respectively; P � 0.20). There was no correlation seen
between detectable serum IL10 and either absolute CD4 T
cell number (n � 108, P � 0.05) or lymphoma subtype (n
� 47, P � 0.05) among those lymphoma subjects for whom
these data were available. When comparison of serum IL10
levels was restricted to those lymphoma cases and AIDS
controls matched on absolute CD4 T cell number as an
indicator of extent of HIV-induced immunodeficiency (n �
61), the difference in frequency of detectable serum IL10
(26% and 5%, respectively) remained highly significant (P
� 0.004, Fig. 1). Among these CD4-matched cases and
controls, lymphoma subjects had both increased frequency
of detectable serum IL10 and higher levels of IL10 when
detectable, with mean serum IL10 in the 16 lymphoma
subjects who had detectable serum IL10 of 52 pg/ml (range
� 8–196 pg/ml) compared to mean serum IL10 in the three
AIDS controls who had detectable serum IL10 of 16 pg/ml
(range � 14 to 19 pg/ml; P � 0.001).

Detectable serum IL10 is not a sporadic event preceding
lymphoma diagnosis and is most likely to be seen close to
diagnosis

In light of our observation that 20–25% of lymphoma
subjects showed detectable serum IL10 at the index visit, we
were interested in determining if detectable IL10 was asso-
ciated temporally with the clinical diagnosis of lymphoma,
or was a sporadic event that would be seen in 20%–25% of
lymphoma cases at any time prior to lymphoma diagnosis.
This was not possible to determine from the cross-sectional

study, as the majority of index visit samples (81%) were
obtained 1 year or less before diagnosis. To address the
question, longitudinal serum samples were obtained from
lymphoma cases from additional time points preceding the
index visit, with at least one serum sample within 2 years
prior to the index visit. Nineteen of the lymphoma cases met
these criteria and were examined. Eleven of these cases had
detectable serum IL10 on the index visit.

If detectable serum IL10 occurred sporadically among
those who went on to develop lymphoma, then one would
expect to see occasional detectable levels at time points
other than the index visit in those subjects who had unde-
tectable levels of serum IL10 on their index visit. This
clearly was not the case, as IL10 was not detected in sera
collected at any prelymphoma diagnosis time point from the
eight lymphoma subjects who did not have detectable serum
IL10 at the index visit (Fig. 2A). This included three sub-
jects with serum samples collected more than 5 years prior
to lymphoma diagnosis. In contrast, a significant percentage
(64%) of lymphoma subjects who had detectable serum
IL10 on the index visit also had detectable IL10 on at least
one additional prior visit (Fig. 2B) (P � 0.004 compared to
subjects in Fig. 2A). Once serum IL10 became detectable on
a prelymphoma diagnosis visit, it tended to remain detect-
able on subsequent visits. Although three of the lymphoma
subjects had detectable serum IL10 approximately 3 years
prior to lymphoma diagnosis, a repeated measures logistic

Fig. 1. Increased frequency of detectable serum IL10 preceding AIDS-
lymphoma. IL10 levels in serum from the visit closest to, but preceding
lymphoma diagnosis in subjects who go on to develop AIDS-lymphoma,
compared to CD4-matched AIDS controls without lymphoma. The number
of undetectable IL10 results (�8 pg/ml) obtained within each group is
shown below the dotted line along the x -axis (number of undetectable IL10
values in group/61 total lymphoma cases or AIDS controls). P value shown
is for the comparison of the frequency of detectable serum IL10 between
the lymphoma cases and the AIDS controls.

Fig. 2. Undetectable vs detectable serum IL10 in longitudinal sera from
subjects who developed AIDS-lymphoma. Each horizontal line represents
a single lymphoma subject over the months prior to lymphoma diagnosis,
while each square along the line represents the serum IL10 result obtained
on a particular visit. Open squares (�) indicate undetectable serum IL10
(�8 pg/ml); filled squares (■ ) indicate detectable serum IL10. (A) Lym-
phoma subjects with undetectable serum IL10 on index visit. (B) Lym-
phoma subjects with detectable serum IL10 on index visit.
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regression analysis including all 19 lymphoma subjects with
longitudinal serum IL10 data suggested that detectable IL10
was most likely to be seen in the visits closest to the
lymphoma diagnosis (P � 0.01).

An IL10 promoter genetic polymorphism that is
associated with high expression of IL10 and slower
progression to AIDS is also associated with the
development of AIDS-lymphoma

Recently, it was reported that an IL10 promoter genotype
that is associated with high IL10 expression (�592 C/C
SNP) [22,29] is also associated with slower progression to
AIDS over 5 years [25]. As IL10 can suppress the expres-
sion of HIV replication-enhancing proinflammatory cyto-
kines, higher levels of IL10 might be viewed favorably in
the context of HIV disease progression overall. However,
IL10 is also a potent B cell stimulatory cytokine that has the
potential to contribute to B cell hyperactivation and/or to the
growth/viability of emerging lymphoma cells [16]. This led
us to examine whether there might be an association be-
tween the occurrence of AIDS-lymphoma and IL10 pro-

moter genotypes or haplotypes, especially those genetic
types that have been shown to have high IL10 expression.
Utilizing genotype data available on 1157 MACS subjects
for IL10 promoter SNPs at the �592 and �1082 positions,
we compared the distribution of genotypes and haplotypes
between men who did and did not develop AIDS-lym-
phoma.

The �592 and �1082 IL10 promoter SNPs were first
analyzed independently, stratifying subjects by lymphoma
status and then comparing the distribution of subjects with
each genotype. Significant differences in distribution were
seen at the �592 position, with a greater proportion of
lymphoma subjects having the homozygous �592 C/C ge-
notype, and a corresponding reduction in the proportion of
subjects with C/A and A/A genotypes compared to subjects
without lymphoma (P � 0.009, Table 1). However, the
�1082 genotype distributions were not significantly differ-
ent among lymphoma and nonlymphoma subjects (24% and
19% G/G, respectively, P � 0.11).

Consistent with published data [22,23,25,30,31], our
genotyped MACS subjects (84% of whom are white, non-
Hispanic) showed a highly significant association between
IL10 promoter genotype and race/ethnicity at both the
�1082 and �592 positions (P � 0.0001). As expected, the
highest frequency of the �592 C/C and �1082 G/G geno-
types was seen among the white non-Hispanic (Caucasian)
subjects, with white Hispanic (Latino) subjects having in-
termediate frequency, and black non-Hispanic (African–
American) subjects having the lowest (�592 C/C, Fig. 3;
�1082 G/G, data not shown). As shown in Fig. 3, among
subjects with �592 genotyping, lymphoma frequency also
varied significantly with race/ethnicity, as 121/971 (12%) of
white, non-Hispanic and 13/70 (19%) of Hispanic subjects
had a lymphoma diagnosis, while only 5/104 (5%) of black,

Table 1
The C/C genotype of the IL10 promoter SNP at position �592 is
overrepresented among subjects with AIDS-lymphoma

IL10 promoter �592 SNP C/C C/A A/A

AIDS-lymphoma (n � 138) 66% 32% 2%
Without lymphoma (n � 1019) 54% 39% 7%
All genotyped MACS subjects

(n � 1157)
55% 38% 7%

P valuea 0.009

a Comparison of genotype distribution between subjects with and with-
out AIDS-lymphoma.

Fig. 3. The C/C genotype of the IL10 promoter SNP at position �592 is overrepresented among subjects with AIDS-lymphoma, even when taking race into
account. “All subjects” are all genotyped MACS subjects of the indicated race; “Expected” is the genotype frequency for the indicated race as described in
[23]. Number of subjects with and without lymphoma within each race group is indicated below the x -axis. P value for the overall association between
lymphoma status and �592 genotype, taking race into account � 0.02.
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non-Hispanic subjects had lymphoma (P � 0.022). There
were no lymphoma cases in seven genotyped subjects of
other races/ethnicities, who were excluded from further
analyses involving race.

When IL10 promoter genotype, race/ethnicity, and lym-
phoma were taken into account in a single analysis for each
SNP, lymphoma was still significantly associated with the
C/C genotype at the �592 SNP (P � 0.02), and not asso-
ciated with the G/G genotype at the �1082 SNP (P � 0.22,
data not shown). The overrepresentation of the C/C geno-
type at �592 in association with lymphoma was particularly
striking in Hispanics and Blacks, where the frequency of
C/C among lymphoma subjects was still at or above 60%,
even though the expected frequencies in these two groups
are 45% and 36%, respectively (Fig. 3) [25]. An increased
risk of lymphoma could be demonstrated in subjects with
the C/C �592 SNP (OR � 1.6, 95% CI 1.1–2.3) or the G/G
�1082 SNP (OR � 1.3, 95% CI 0.8–2.0), when compared
to those subjects with intermediate/low IL10-expressing ge-
notypes, controlling for race. However, it became apparent
that any increased lymphoma risk associated with the
�1082 SNP was due solely to its genetic linkage to the SNP
at �592, as there was no independent association between
the �1082 SNP and lymphoma when taking the �592 SNP
into account at the same time (P � 0.9).

Utilizing 1089 of the MACS subjects for whom geno-
typing data was available at positions �1082 and �592, and
for whom genotyping data at position �819 was either
available or could be inferred, we compared the distribution
of the IL10 promoter haplotypes among subjects with and
without lymphoma, taking race into account in all analyses.
When considering all six IL10 promoter haplotypes, the
overall association between lymphoma and haplotypes
showed borderline significance (P � 0.049, data not
shown). Because the six haplotypes have been associated
with different levels of IL10 expression in vitro, additional
analyses were performed by stratifying the haplotypes ac-
cording to expected levels of IL10 expression.

There is a clear consensus in the literature that the GCC/
GCC IL10 promoter haplotype (�1082 G/G, �819 C/C,
and �592 C/C) is associated with the highest levels of IL10
expression, while the ATA/ATA haplotype (�1082 A/A,

�819 T/T, and �592 A/A) is associated with the lowest
levels of IL10 expression [22–24,32]. However, there are
conflicting approaches to characterizing the level of IL10
expression associated with the other four haplotypes that
include at least one heterozygous SNP [23–25,32]. There-
fore, we used three different approaches for stratifying IL10
promoter haplotypes into high, intermediate, or low ex-
pected levels of IL10 expression, based on these published
reports, then analyzed each for associations between ex-
pected IL10 expression and lymphoma.

In the first two analyses, we stratified the IL10 promoter
haplotypes according to �592 genotype (as shown in Table
1), ignoring the �1082 genotype [29], and conversely,
according to �1082 genotype, ignoring the �592 genotype
[23,24,32]. In a third approach, we used a �592 A dominant
(low) model described by Shin et al. when considering IL10
promoter genotypes in the context of HIV disease progres-
sion [25]. In this model, low IL10 expression is predicted
for any IL10 promoter haplotype bearing A at �592 (A/A
or A/C), while haplotypes containing homozygous C/C at
�592 are predicted to have intermediate IL10 expression
when combined with heterozygous G/A at �1082, and high
IL10 expression when combined with homozygous G/G at
�1082.

As might be expected based on the analyses of �592 and
�1082 genotypes independently, IL10 promoter haplotype
stratification based on �1082 genotypes alone failed to
show any significant association between expected IL10
expression and lymphoma overall (P � 0.12), while strati-
fication based on �592 genotypes alone showed a highly
significant association between the high IL10-expressing
haplotype (GCC/GCC) and lymphoma (P � 0.006). Strat-
ification of IL10 haplotypes utilizing the �592 A dominant
(low) model, which takes both �592 and �1082 genotypes
into account, also showed a significant association between
predicted levels of IL10 expression and lymphoma overall
(Table 2, P � 0.02), but not as strong as that seen when the
�1082 genotypes were completely disregarded. In both the
�592 alone and the �592 dominant A (low) analyses, the
higher IL10-expressing haplotypes were more highly rep-
resented among subjects with lymphoma, with a clear re-

Table 2
The IL10 promoter haplotypes predicted to have higher IL10 gene expression occur more frequently among subjects with AIDS-lymphoma

IL10 promoter haplotype
(�1082, �819, �592/�1082, �819, �592)
(predicted IL10 expressiona)

GCC/GCC
(high)

GCC/ACC
ACC/ACC
(intermediate)

GCC/ATA
ACC/ATA
ATA/ATA
(low)

AIDS-lymphoma (n � 124) 24% 42% 33%
Without lymphoma (n � 965) 19% 35% 46%
All haplotyped MACS subjects (n � 1089) 20% 35% 45%
P valueb 0.02

a Predicted IL10 gene expression as described by Shin et al, [25], where low expressors are defined by one or two A alleles at position �592; high
expressors are homozygous non-A at both �592 and �1082 positions.

b Comparison of distribution of high, intermediate, and low IL10-expressing haplotypes between subjects with and without AIDS-lymphoma.
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duction in the proportion of lymphoma subjects with low
IL10-expressing haplotypes.

Expected IL10 gene expression and detectable serum IL10
appear to be independent indicators preceding
AIDS-lymphoma

Characterization of IL10 promoter genotype/haplo-
types as high, intermediate, or low IL10-expressors is
based on promoter activity assays and/or the production
of IL10 by cells following various types of stimulation in
vitro [22–25,29,32]. In these previous studies by others,
there were no data available on serum IL10 levels in vivo
to which the in vitro IL10 expression could be compared.
We were interested, therefore, in whether expected IL10
expression (based on IL10 promoter genotype or haplo-
type) was consistent with our observed serum IL10 lev-
els.

Among the 43 subjects without lymphoma for whom
both IL10 promoter genotype and serum IL10 data were
available, no detectable serum hIL10 was seen regardless of
IL10 promoter genotype/haplotype. Among 100 subjects
with lymphoma for whom both genotype/haplotype and
serum data were available, 21 had detectable serum hIL10
in the index visit sample. While the frequency of the �592
C/C IL10 promoter SNP was slightly higher among the
lymphoma subjects who had detectable serum IL10 (Table
3), both groups of lymphoma subjects had similar overall
distributions of C/C vs C/A vs A/A at the �592 position (P
� 0.8). Likewise, while the two highest serum IL10 levels
were seen in lymphoma subjects with the �592 C/C geno-
type, no consistent association was seen between �592
genotype and measured level of IL10 among the 21 lym-
phoma cases with detectable serum IL10 (P � 0.5, data not
shown).

Discussion

IL10 is a potent stimulator of human B cells [16] that is
produced in situ by AIDS-associated B cell lymphoma tu-

mor cells, and has been demonstrated to act as an autocrine
growth factor in AIDS-lymphoma [16–20]. Detectable
and/or increased serum levels of IL10 have been reported to
be associated with AIDS-lymphoma at, or following, clin-
ical recognition of these tumors [21,33], leading to the
suggestion that, at least in a proportion of AIDS-lymphoma
cases, detectable serum IL10 reflects the presence of cyto-
kine-secreting tumor cells [21]. What has not been previ-
ously explored, however, is the potential role of increased
levels of IL10 prior to the clinical recognition of lymphoma,
as an indicator of a nascent lymphoma, and/or as a contrib-
uting factor to the initiation and development of B cell
lymphoma, particularly in persons with a genetic back-
ground associated with high IL10 expression. In the studies
described here, we report that the development of AIDS-
lymphoma is associated with increased levels of serum IL10
prior to diagnosis of lymphoma, and independently, with a
genetic IL10 promoter haplotype associated with high IL10
production.

In previous work, we have shown that there are other B
cell stimulatory molecules that are elevated in the serum
preceding the development of AIDS-lymphoma [11–15]. In
a cohort study like the MACS, where there are large num-
bers of well-characterized HIV-infected subjects and a re-
pository of archived sera collected over time, we have the
unique opportunity to evaluate circulating levels of IL10 in
vivo using serum samples available from time points prior
to the diagnosis of lymphoma. In a cross-sectional study
using the closest available serum sample preceding lym-
phoma diagnosis (index visit), detectable serum human
IL10 was five times more likely to be seen in men who went
on to develop AIDS-associated lymphoma compared to
CD4-matched controls with AIDS but not any type of ma-
lignancy (26% vs 5%, Fig. 1); little or no detectable serum
IL10 was seen in relatively healthy HIV� (2%) or HIV-
uninfected (0%) subjects. In addition, when serum IL10 was
detectable preceding a lymphoma case, it was often at levels
much higher than those seen in the rare nonlymphoma
subject with detectable IL10. These results demonstrate
that, although the human IL10-specific ELISA chosen for
this study has a higher cutoff for level of detection than
other ELISAs that have been used to evaluate serum IL10 in
HIV-infected individuals [21,33–35], it was clearly specific
and sensitive enough to detect real differences between
subjects who did and did not develop AIDS-lymphoma. In
a longitudinal study utilizing a subset of the lymphoma
subjects, it was clear that detectable IL10 prior to diagnosis
was not a sporadic event (Fig. 2), and was most likely in the
months immediately preceding a clinical diagnosis of lym-
phoma. These data support the hypothesis that IL10 may
indeed be the product of a nascent tumor [21] and/or of
tumor-responsive cells such as macrophages in the local
environment [19]. They also demonstrate that in a small but
significant proportion of individuals who are in the process
of developing a clinically apparent lymphoma, IL10 is made

Table 3
IL10 promoter genotype and observed serum IL10 levels appear to be
independent of one another in subjects who go on to develop AIDS-
lymphoma

IL10 promoter �592 SNP C/C C/A A/A

AIDS-lymphoma,
detectable serum IL10
(n � 21)

71% 29% 0%

AIDS-lymphoma,
undetectable serum IL10
(n � 79)

63% 34% 3%

P valuea 0.8

a Comparison of distribution of IL10 promoter �592 SNP between
lymphoma subjects with and without detectable serum IL10 in the visit
closest to but preceding AIDS-lymphoma diagnosis.
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in sufficient amounts to cross the threshold of detection
prior to diagnosis.

Because there was no correlation seen between serum
IL10 and histological subtype of the subsequent tumor or
extent of HIV disease (as indicated by absolute CD4 num-
ber), detectable serum IL10 appears to be independent of
these factors. This raises the possibility that serum IL10
level, especially if clearly elevated above the level of de-
tection, could be useful as a predictor in HIV-infected men
to identify those who might have a nascent tumor and/or be
at high risk of a lymphoma diagnosis in the relatively near
future. The fact that only approximately one-quarter of
lymphoma subjects show detectable IL10 levels prior to
diagnosis limits the predictive power of serum IL10 on its
own. However, the development of new, more sensitive
assays that are specific for human IL10 may ultimately
allow the detection of serum IL10 in a greater fraction of
developing AIDS-lymphoma cases. Although IL10 was de-
tectable in the serum of only a minority of lymphoma cases,
it was very rarely detected in the serum of nonlymphoma
subjects. This suggests that detectable serum IL10 in com-
bination with other markers of B cell activation that are
known to be elevated prior to AIDS-lymphoma might be a
powerful predictor of B cell lymphoma. In a preliminary
analysis examining serum IL10 and IL6 data from 47 of the
MACS lymphoma subjects included in this report, detect-
able IL10 was more likely among men with detectable IL6
compared to men with undetectable IL6 (46% vs 21%,
respectively), but the difference was not significant (P �
0.14). However, when these 47 lymphoma subjects were
compared to 44 matched AIDS control subjects, the com-
bination of detectable IL6 and detectable IL10 was only
seen in lymphoma subjects (13% vs 0%, P � 0.03), sug-
gesting that combinations of markers detected in the serum
prior to lymphoma may indeed help to identify some per-
sons at risk for lymphoma. Utilizing our MACS serum data
on IL10 and IL6, as well as additional markers of B cell
activation and differentiation, including immunoglobulins,
soluble CD23 (sCD23), sCD27, sCD30, and sCD44, we
have found no strong correlation between serum IL10 and
any other single marker, indicating that IL10 is an indepen-
dent immunologic marker of AIDS-lymphoma [11–15, un-
published data]. However, we are developing a multifacto-
rial model that combines serum IL10 with other markers
that may be able to predict an increased risk for the devel-
opment of AIDS-lymphoma [E.C. Breen, W.J. Boscardin,
H. Guo, R. Detels, and O. Martı́nez-Maza, manuscript in
preparation].

While detectable serum levels of IL10 may reflect cyto-
kine production by an established but as yet undetected
tumor, increased but localized IL10 production that results
in circulating levels below the threshold of detection may be
important in earlier stages of B cell lymphomagenesis. IL10
gene expression and production of this type are likely to be
influenced by the underlying genetic makeup of each indi-
vidual, particularly through genetic polymorphisms such as

SNPs in critical promoter and/or coding regions of the IL10
gene. There is a growing body of work linking genetic
polymorphisms associated with increased expression of B
cell stimulatory cytokine and/or cytokine receptor genes
other than IL10 to the development of AIDS-associated
malignancies [36–40]. This suggested to us that there might
also be a link between genetic polymorphisms favoring
higher IL10 expression (such as the IL10 promoter SNPs
�1082 G/G and the �592 C/C) and the development of
AIDS-lymphoma. While these IL10 promoter SNPs have
previously been examined in the context of progression to
AIDS overall [25], they had not been examined specifically
in the context of AIDS-associated B cell lymphoma.

When we evaluated IL10 genotyping data from over
1000 MACS subjects, we observed that an IL10 promoter
genotype (Table 1) and haplotypes (Table 2) associated with
higher IL10-expression were overrepresented among men
who developed AIDS-lymphoma, even when controlling for
differences in genotype frequencies according to race/eth-
nicity (Fig. 3). The association between lymphoma and
IL10 promoter genetic type appeared to depend predomi-
nantly, or perhaps even exclusively, on the genotype at the
�592 SNP, as significant associations between expected
IL10 expression and lymphoma were seen only when IL10
haplotypes were stratified according to �592 genotype
alone or by a �592 A dominant model (P � 0.02, Table 2).
Interestingly, our observation of a higher frequency of the
�592 C/C promoter genotype among subjects with AIDS-
lymphoma parallels the well-documented observation of
higher frequencies of the same genotype among whites and
Hispanics, which in turn parallels our observation of higher
frequencies of AIDS-lymphoma among these two race
groups compared to blacks within the MACS subjects stud-
ied (Fig. 3). This raises the possibility that the IL10 genetic
background may be a direct contributor to the genesis of
AIDS-lymphoma, and/or tightly linked to one or more other
causative genes that give rise to the differences in lym-
phoma incidence among racial/ethnic groups.

Our observation of an association between the �592 C/C
IL10 promoter genotype and an unfavorable clinical out-
come, i.e., AIDS-lymphoma, may at first glance appear to
be contradictory to the results of Shin et al, where the same
genotype was associated with a favorable clinical outcome,
i.e., reduced risk of progression to AIDS after five years
[25]. Shin et al. hypothesized that their observed reduced
risk for progression to AIDS was the result of greater
anti-inflammatory activity due to increased levels of IL10,
which decreased production of inflammatory cytokines, and
resulted in reduced HIV replication. However, IL10 is a
pleiotropic cytokine, which in addition to having anti-in-
flammatory properties, has the ability to directly stimulate B
cells and to indirectly inhibit T cell activation through its
action on antigen-presenting cells [16]. While its anti-in-
flammatory properties may help to slow the progression to
AIDS in an HIV-infected population overall, our results
suggest that in the subpopulation of HIV-infected individ-
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uals who go on to develop B cell lymphoma, higher IL10
expression may be conducive to lymphomagenesis and/or
tumor cell growth, by driving B cell activation and/or by
inhibiting T cell responses that might otherwise keep newly
malignant B cells under control. Among the MACS subjects
genotyped for the �592 IL10 promoter SNP (most of whom
were also included in the Shin study), only 12% developed
lymphoma (Table 1). It seems likely, therefore, that the
detrimental effect of the high IL10-expressing �592 C/C
genotype (lymphoma) in such a small minority of subjects
was obscured by the apparent beneficial effect (lower risk of
progression to AIDS) in the much larger majority of sub-
jects who never developed lymphoma.

Just as no single cytokine is likely to be acting in isola-
tion in vivo, there may be a combination of polymorphisms
within immunologically relevant genes that play a role in
the development of AIDS-lymphoma. Two other genetic
polymorphisms have already been identified in chemokine
and chemokine receptor genes that are associated with
AIDS-lymphoma. In two studies of a B cell stimulatory
cytokine known as stromal cell-derived factor 1 (SDF-1,
also called pre-B cell-stimulating factor), a SNP in the 3�
untranslated region (SDF-1 3�UTR 801A/A or A/G) that is
associated with increased levels of SDF-1 expression, was
seen to be associated with an increased risk for AIDS-
lymphoma [39,40]. In addition, AIDS-lymphoma in chil-
dren was preceded by increased levels of SDF-1 mRNA
[40]. In studies by MACS investigators [36], and others
[39], it was shown that being heterozygous for a mutant,
truncated form of the CCR5 chemokine receptor (CCR5
�32) was associated with a markedly decreased risk for the
development of AIDS-lymphoma. Because CCR5 is the
receptor for RANTES, MIP-1� and MIP-1�, cytokines that
have B cell stimulatory properties, it was postulated that the
decreased risk for AIDS-lymphoma seen in CCR5 �32
heterozygotes was due to a lower level of RANTES-induced
B cell activation in these subjects [36]. Our observations of
an increased risk of AIDS-lymphoma in persons with high
IL10-expressor promoter haplotypes or with increased cir-
culating levels of IL10 are consistent with these reports, all
of which suggest that the presence of higher levels of B cell
stimulatory cytokines, or of a functional receptor for such
cytokines, may contribute to an environment conducive to
AIDS lymphomagenesis. Additional studies are planned or
are underway to determine and/or analyze multiple genetic
polymorphisms among subjects in the MACS who devel-
oped lymphoma at these and other loci, including the
CCR5-binding chemokines and IL6 [37,38].

There is very limited and contradictory information
available in the literature regarding the correlation (or lack
thereof) between IL10 promoter haplotypes and measure-
ments of circulating levels of IL10 [41–43]. These studies
have reported no correlation between IL10 promoter hap-
lotype and serum IL10 levels [41], or higher serum IL10
levels in association with either the low IL10-expressing
haplotype (ATA/ATA) [42] or the high IL10-expressing

genotype at the �1082 position (G/G) [43]. In all of these
studies, the specificity of the ELISA used for human IL10 vs
EBV vIL10 was not addressed, raising the possibility that
the low levels of IL10 reported (� 5 pg/ml in the majority
of subjects) and/or the small serum IL10 differences be-
tween groups may have been of viral (EBV) origin, and so
were unrelated to subjects’ underlying IL10 promoter ge-
notypes. In our study, which measured only the contribution
from the human IL10 gene, while both detectable serum
IL10 and the high IL10-expressing �592 C/C genotype
were more likely among lymphoma subjects, there was no
clear association between the two (Table 3). In light of our
longitudinal data that suggests detectable serum IL10 may
be the result of cytokine secretion by a developing tumor or
its local environment, it is not surprising that differences in
IL10 expression attributable to underlying genetic polymor-
phisms in the IL10 gene may be too subtle to be detected in
serum. This does not rule out, however, the potential con-
tribution of an individual’s IL10 promoter haplotype to B
cell lymphomagenesis by driving (relatively) increased lev-
els of IL10 expression on a continuous basis, perhaps in a
very localized manner that precludes detection in the circu-
lation in general, but supports the initial transformation
and/or survival of malignant B cells. Once a tumor has been
established, its own production of IL10 may then provide a
valuable means of detecting its presence by sampling the
serum. Based on our results in an HIV-infected population
at greatly increased risk for B cell lymphoma, IL10 geno-
type and serum levels should be viewed as being indepen-
dently associated with the development of AIDS-lym-
phoma, and in concert with other cytokines and cytokine
genetic polymorphisms, may help to better define the ge-
netic and immunologic factors that contribute to the devel-
opment of B cell lymphoma in the context of immunodefi-
ciency.
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phoma, Memórias Inst. Oswaldo Cruz 93 (1998) 373–381.

[5] H.C. Lane, A.S. Fauci, Immunologic abnormalities in AIDS, Annu.
Rev. Immunol. 3 (1985) 477–500.

[6] H.C. Lane, H. Masur, L.C. Edgar, G. Whalen, A.H. Rook, A. Fauci,
Abnormalities of B-cell activation and immunoregulation in patients
with AIDS, N. Engl. J. Med. 30 (1983) 453–458.

[7] O. Martı́nez-Maza, E. Crabb, R.T. Mitsuyasu, J.L. Fahey, J.V. Giorgi,
Infection with HIV is associated with an in vivo increase in B
lymphocyte activation and immaturity, J. Immunol. 138 (1987)
3720–3724.

[8] H. Mizuma, S. Litwin, S. Zolla-Pazner, B cell activation in HIV
infection: relationship of spontaneous immunoglobulin secretion to
various immunologic parameters, Clin. Exp. Immunol. 71 (1988)
410–416.

[9] M. van der Meijden, J. Gage, E.C. Breen, T. Taga, T. Kishimoto, O.
Martinez-Maza, Upregulation of IL-6 receptor (CD126) expression
on monocytes, B lymphocytes and CD4 T lymphocytes in HIV
infection, Cell. Immunol. 190 (1998) 156–166. doi:10.1006/
cimm.1998.1387.

[10] G.K. Przybylski, J. Goldman, V.L. Ng, M.S. McGrath, B.G.
Herndier, D.P. Schenkein, J.G. Monroe, L.E. Silberstein, Evidence
for early B-cell activation preceding the development of Epstein-Barr
virus-negative acquired immunodeficiency syndrome-related lym-
phoma, Blood 88 (1996) 4620–4629.

[11] S. Yawetz, W.G. Cumberland, M. van der Meyden, O. Martinez-
Maza, Elevated serum levels of soluble CD23 (sCD23) precede the
appearance of AIDS-associated non-Hodgkin’s lymphoma, Blood 85
(1995) 1843–1849.

[12] J. Schroeder, A.J. Saah, D.R. Hoover, J.B. Margolick, R.F.
Ambinder, O. Martı́nez-Maza, E.C. Breen, L.P. Jacobson, D. Varia-
kojis, D.T. Rowe, H.K. Armenian, Serum soluble CD23 level corre-
lates with subsequent development of AIDS-related non-Hodgkin’s
lymphoma, Cancer Epidemiol. Biomark. Prev. 8 (1999) 979–984.

[13] J. Schroeder, A. Saah, R.F. Ambinder, O. Martı́nez-Maza, E.C.
Breen, D. Variakojis, J.B. Margolick, L.P. Jacobson, D.T. Rowe,
D.R. Hoover, Serum sCD23 level in patients with AIDS-related
non-Hodgkin’s lymphoma is associated with the absence of EBV in
tumor tissue, Clin. Immunol. 93 (1999) 239–244. doi:10.1006/
clim.1999.4793.

[14] D. Widney, G. Gundapp, J.W. Said, M. van der Meijden, B.
Bonavida, A. Demidem, C. Trevisan, J. Taylor, R. Detels, O. Mar-

tı́nez-Maza, Aberrant expression of CD27 and soluble CD27 (sCD27)
in HIV infection and in AIDS-associated lymphoma, Clin. Immunol.
93 (1999) 114–123. doi:10.1006/clim.1999.4782.

[15] E.C. Breen, M. van der Meijden, W. Cumberland, T. Kishimoto, R.
Detels, O. Martı́nez-Maza, The development of AIDS-associated
Burkitt’s/small non-cleaved lymphoma is preceded by elevated serum
levels of interleukin 6, Clin. Immunol. 92 (1999) 293–298. doi:
10.1006/clim.1999.4760.

[16] K.W. Moore, R. de Waal Malefyt, R.L. Coffman, A. O’Garra, Inter-
leukin-10 and the interleukin-10 receptor, Annu. Rev. Immunol. 19
(2001) 683–765.

[17] D. Emilie, J. Coumbaras, M. Raphael, O. Devergne, H.J. Delecluse,
C. Gisselbrecht, J.F. Michiels, J. Van Damme, T. Taga, T. Kishimoto,
M.C. Crevon, P. Galanaud, IL-6 production in high-grade B lympho-
mas: correlation with the presence of malignant immunoblasts in
acquired immunodeficiency syndrome and in human immunodefi-
ciency virus-seronegative patients, Blood 80 (1992) 498–504.

[18] D. Emilie, R. Touitou, M. Raphael, M. Peuchmaur, O. Devergnee, D.
Rea, J. Coumbraras, M.-C. Crevon, L. Edelman, I Galanaud, P. Job,
In vivo production of interleukin-10 by malignant cells in AIDS
lymphoma, Eur. J. Immunol. 22 (1992) 2937–2942.

[19] D. Emile, W. Zou, R. Fior, L. Llorente, A. Durandy, M.C. Crevon,
M.C. Maillot, I. Durand-Gasselin, M. Raphael, M. Peuchmaur, P.
Galanaud, Production and roles of IL-6, IL-10, and IL-13 in B-
lymphocyte malignancies and in B-lymphocyte hyperactivity of HIV
infection and autoimmunity, Methods 11 (1997) 133–142. doi:
10.1006/meth.1996.0397.

[20] R. Masood, Y. Zhang, M.W. Bond, D.T. Scadden, T. Moudgil, R.E.
Law, M.H. Kaplan, B. June, B.M. Espina, Y. Lunardi-Iskandar, A.M.
Levine, P.S. Gill, Interleukin-10 is an autocrine growth factor of
Acquired Immunodeficiency Syndrome-related B-cell lymphoma,
Blood 85 (1995) 3423–3430.

[21] L. Edelman, C. Deveau, M. Raphael, E. Monchatre, J. Gabarre, A.
Deville-Chabrol, G. Pialoux, D. Emilie, I. Joab, P. Galanaud, Serum
interleukin-10 in acquired immunodeficiency syndrome lymphoma
patients. Seroco-Hemoco Study Group, Eur. Cytokine Network 7
(1996) 785–792.

[22] E. Crawley, R. Kay, J. Sillibourne, P. Patel, I. Hutchinson, P. Woo,
Polymorphic haplotypes of the interluekin-10 5� flanking region de-
termine variable interleukin-10 transcription and are associated with
particular phenotypes of juvenile rheumatoid arthritis, Arthritis
Rheum. 42 (1999) 1101–1108.

[23] D.M. Turner, D.M. Williams, D. Sankaran, M. Lazarus, P.J. Sinnott,
I.V. Hutchinson, An investigation of polymorphism in the interleu-
kin-10 gene promoter, Eur. J. Immunogenet. 24 (1997) 1–8.

[24] C.J. Edwards-Smith, J.R. Jonsson, D.M. Purdie, A. Bansal, C. Short-
house, E.E. Powell, Interlukin-10 promoter polymorphism predicts
initial response of chronic hepatitis C to interferon alpha, Hepatology
30 (1999) 526–530.

[25] H.D. Shin, C. Winkler, J.C. Stephens, J. Bream, H. Young, J.J.
Goedert, T.R. O’Brien, D. Vlahov, S. Buchbinder, J. Giorgi, C.
Rinaldo, S. Donfield, A. Willoughby, S.J. O’Brien, M.W. Smith,
Genetic restriction of HIV-1 pathogenesis to AIDS by promoter
alleles of IL10, Proc. Natl. Acad. Sci. USA 97 (2000) 14467–14472.

[26] R.A. Kaslow, D.G. Ostrow, R. Detels, J.P. Phair, B.F. Polk, C.R.
Rinaldo, The Multicenter AIDS Cohort Study: rationale, organization
and selected characteristics of the participants, Am. J. Epidemiol. 126
(1987) 310–318.

[27] R. Detels, J.P. Phair, A.J. Saah, C.R. Rinaldo, A. Muñoz, R.A.
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